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INTRODUCTION. 
Much has been written  on the morbid anatomy of blood  vessels, 
including  especially  such pathological  conditions  as arteriosclerosis, 
endarteritis obliterans,  'thrombo-angiitis obliterans,  and  arteritis 
elastica,  and  reference  has  occasionally  been  made to  the  behavior  of 
elastic  tissue  in the pathological  condition  under discussion. Like- 
wise  some experimental  work has been done in  an attempt  to  simu- 
late  diseased  conditions  in  blood  vessels,  and incidentally  some light 
has been thrown on the nature  of the  proliferation  of elastic  tissue 
in these  states. Nevertheless,  further  work and experimentation 
are  needed in  order  to elucidate  the true  conditions  involved  in  the 
genesis and the proliferation  of elastic  tissue  in postembryonic 
material. 
Most  of  our  knowledge concerning the  proliferation  of  elastic 
tissue in postembryonic material is  based on the study  of  patho- 
logical tissues  (Langhans, Baumgarten, Thoma, Wendeler, Dmitri- 
jeff, Hilbert, Jores, Buerger, and others). 
The writer has  already reported  1 on the occlusion and ultimate 
obliteration as such of the ductus arteriosus  (Botalli) in man3  In 
* Received for publication, October I6,  I913. 
1 Read before the Association of American Anatomists, Cleveland, I912. 
The  studies  on  the  occlusion and obliteration of  the  ductus  arteriosus  in 
man were carried on in the Pathological Laboratories of Bellevue Hospital, New 
York, and in the Anatomical Laboratory of the Yale University Medical School. 
I  wish to  express  my gratitude to  Dr.  Charles Norris,  Pa.thologlst  to  Bellevue 
Hospital, for many courtesies and for the privilege of working in his laboratory 
and in the Bellevue morgue.  I  am also indebted to the authorities of the New 
York Foundling Hospital for the opportunity of working in the hospital morgue. 
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this  communication reference  was  made  to  the  behavior  of  the 
elastic tissue contained in the ductus during the stages of the retro- 
gressive processes, and to the difficulty even in this material of rul- 
ing out  disease  absolutely  in  all  cases.  The  material  was  from 
young infants, yet some of it gave evidence of an arteritis, probably 
of syphilitic origin.  However, a comparative study may show that 
elastic tissue proliferation in postnatal tissues is similar in both path- 
ologic and healthy proliferating processes. 
MATERIAL. 
In order to study the nature of the increase of elastic tissue in 
material where disease is  a  negligible factor,  the postnatal ductus 
arteriosus of Sus scrofa was selected.  Here one finds an active for- 
mation of new elastic tissue  in the occlusion of the lumen of the 
ductus, yet the process of occlusion can not truly be  classified as 
pathological.  There is no evidence of an inflammatory condition, 
notwithstanding that there is an active proliferation of the tissues 
composing the intima. 
Prenatal material of different stages was obtained from a  local 
slaughter house.  The postnatal material studied was mostly from 
two litters of pigs.  The live pigs were delivered at the laboratory 
at  requested  intervals,  and  in  this  way they were  left  with their 
mothers and under normal environment until wanted for study. 
PRENATAL  DUCTUS  ARTERIOSUS. 
A  study of embryonic material was deemed essential as an aid in 
the interpretation of  conditions found in  postnatal material.  No 
detailed  study of  the  histogenesis of  elastic  tissue  in  the  ductus 
arteriosus of Sus scrofa was undertaken.  However, a  brief study 
of very early material was not in accord with Ranvier's statement, 
that elastic fibers are  formed by a  coalescence of elastic granules. 
Early individual elastic fibrils appear distinctly granular or even as 
rows of granules, and at first thought one is tempted to interpret 
the apparent row of elastic granules as the stage immediately pre- 
ceding the elastic fibril.  The granular condition appears more evi- 
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more or less lost and the elastic fibril appears more like a continuous 
line.  The direction of the elastic fibers in the ductus is more or less 
complicated at the aortic and pulmonary ends owing to the union 
of the ductus with large vessels.  Mall's suggestion that "the gran- 
ules  are  optical sections of  fibrils  of  elastic  tissue"  seems to  the 
writer the correct interpretation of the granular appearance. 
The  material  studied  of  the  early  stages  indicates  that  elastic 
fibrils in the ductus arteriosus of Sus scrofa  are directly differen- 
tiated, and is in accord with the conclusions of Mall and Spalteholz. 
There seems to be a  fusion of elastic fibrils in the production of the 
heavier elastic lamellm. 
In a  study on the histogenesis of elastic tissue in  arteries  Mall 
concludes "that  the  exoplasm of  the  connective tissue  syncytium 
forming their  walls  differentiates into two kinds of fibrils,  which 
give rise to the white fibrous and elastic tissues,  respectively.  In 
other words, one cell gives rise to both tissues."  I, too, find in the 
occlusion of the lumen of the ductus arteriosus in Sus scrofa that 
besides  a  great  proliferation  of  elastic  fibers  from  preexisting 
elastic tissue there is also a  production of elastic fibrils  from non- 
elastic elements, apparently from connective tissue cells. 
Just what the true nature of the process is by which white fibrous 
and elastic fibers are formed from the exoplasm of connective tissue 
cells and how they come to occupy an intercellular position is yet in 
a  sense controversial ground.  Ferguson, for example, in a  recent 
contribution  on  some  experimental  work,  after  dismissing  the 
theories  of  direct  transformation by  elongation  of  mesenchymal 
cells into connective tissue fibers, and the origin of connective tissue 
fibers  from the ground substance between the cells, apparently ad- 
heres  to  some  form of  intracellular theory,  but he considers that 
"none  of the theories thus  far advanced fully meet all of the ob- 
served conditions."  It is, however, not the purpose of this paper to 
discuss  at  length  the  histogenesis  of  elastic  tissue  in  embryonic 
material.  Suffice it to say that the material studied gave evidence, 
as is generally held, that both elastic and white fibrous tissue fibers 
are laid down in the outlying portion of the protoplasm of the early 
connective tissue cell. 
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scrofa is  found to have an exceptionally well developed inner elastic 
membrane.  There is, however, no sharp demarcation between media 
and adventitia.  The  outer elastic membrane is  for the most part 
but faintly differentiated, and the media at most points merges im- 
perceptibly with the adventitia.  Cross-sections  of the midportion 
of the ductus best show the strong inner elastic membrane, made up 
in many places of a  single lamina with sharp definition.  However, 
on one side of the ductus the inner elastic membrane is  frequently 
made up of two or three distinct laminae.  Wherever the bi- or tri- 
laminar condition of the  inner elastic membrane prevails  the sub- 
endothelial layer is thicker than elsewhere  (figure 4). 
Just  what the multilaminar condition of the  inner elastic mem- 
brane means is problematical.  It would, however, seem that it is a 
compensatory increase in tissues to make up  for a  possible greater 
strain  at  these  points  of  the  ductus  during  the  passage  of  blood 
through it.  Thoma, for example, found a special thickening of the 
intima to take place in older vessels which had become wider under 
continued blood pressure.  In this way he claimed that the normal 
lumen was more or less maintained.  The observation has also been 
made  9 that in the blood vessels of the cranial cavity the inner elastic 
membrane is apt to split up into two or more layers whenever there 
is  need for counteracting an excessive amount of pressure,  as,  for 
example, at points where branches are given off, where two vessels 
come together, and on the concave side of a bent vessel. 
POSTNATAL  DUCTUS  ARTERIOSUS. 
The postnatal behavior of the elastic tissue in the ductus arteri- 
osus of Sus scrofia is somewhat complicated and irregular.  This is 
in part due to the fact that we are dealing with a vessel undergoing 
regression, involving first an occlusion of its lumen and subsequently 
its obliteration as such.  In the occlusion of the lumen similar con- 
ditions do not always obtain in the several segments of the postfetal 
ductus,  neither  is  the  occlusion  necessarily  uniform  in  different 
individuals. 
After birth the ductus soon presents in a  considerable portion of 
its  course  a  markedly irregular  and  contracted  lumen  (figures  6 
8 Quain,  .1., Anatomy,  IIth  edition,  London,  I912 ,  ii,  pt.  I. J. Parsons  Schaef]er.  133 
and 9).  This is usually most marked somewhere along its midpor- 
tion.  The contraction varies in degree, leading from partial (figure 
9)  to  almost complete occlusion  (figure  13)  of the lumen of the 
vessel.  In other portions of the ductus, especially in the terminal 
thirds, the contraction is,  as a  rule, not so marked, as may also be 
the case throughout the ductus in other individuals.  It should here 
be noted that even before birth there is often some irregularity of 
the lumen. 
Where the contraction is most marked one finds early in the neo- 
natal ductus a slight proliferation and subsequent regression of the 
endothelium and a breaking up of the inner elastic membrane into 
several layers.  With these changes there is an apparent fusion of 
opposed endothelial surfaces.  Where the contraction only partially 
occludes the lumen the marked hyperplasia of the intimal tissues 
completes the process.  In some instances there are portions of the 
ductus where a  questionable thrombosis with subsequent organiza- 
tion plays a part  (figures 5,  I I, and 16). 
One of the first changes in the elastic tissue of the postfetal ductus 
arteriosus of Sus scrofa is a hypertrophy of the inner elastic mem- 
brane  throughout the vessel.  This  takes  place  regardless  of  the 
degree of contraction and irregularity of the lumen.  There is, ap- 
parently, also a slight hypertrophy of the elastic fibers of the media 
and  adventitia,  but  this  is  insignificant  in  comparison  with  the 
thickening of the  inner elastic  lamina.  Soon one  encounters the 
characteristic delamination of the thickened inner membrane, i.  e., 
a number of new laminm are formed from the old membrane.  The 
new laminae run more or less parallel with the mother lamina, both 
of which now follow the postfetal irregularities of the lumen of the 
ductus.  The formation of new elastic laminae is not wholly at the 
expense  of  the  old  inner  elastic  membrane,  for,  aside  from  the 
formation of new lamella~  from the  latter,  there  is  also  a  simul- 
taneous hypertrophic process at work. 
The  production of  new  elastic  tissue  from  the  internal  elastic 
membrane begins soon after birth, as does also the proliferation of 
the other tissues composing the intima.  A  study of the ductus of 
a  fourteen day pig showed that the inner elastic membrane at the 
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number of distinct lamell~e  (figure 9).  In the midportion of the 
ductus the internal elastic membrane was composed of  from three 
to four lamell~e, while at the aortic end it was bilaminar in character. 
Here and there fine elastic fibrils  were detected amongst the cells 
beneath the endothelium.  The new elastic lamell~e were not every- 
where entirely independent,  but  were either still  a  part  of the old 
inner  membrane  or  attached  to  neighboring  new  lamella~.  The 
greatest proliferation of new elastic lamell~e from the internal elastic 
membrane was in regions where the contraction of the lumen was 
least marked.  Connective tissue  cells were lodged in some of the 
meshes of the multilaminar, internal elastic membrane. 
At times the formation of new elastic lamella~ is marked, and it is 
obvious that elastic tissue plays an important part in the occlusion 
of the lumen of the ductus.  In figures  Io and  15  are represented 
cross-sections of ductus arteriosus from eight weeks old pigs.  Here 
heavy new elastic lamella~,  doubtless a  product of the inner mem- 
brane, make up a  large portion of the occluding mass of the lumen 
of the ductus.  In many places  the new lamellae are independent, 
but by following the different stages in their production one is  led 
to see that they are a  product of preexisting elastic tissue.  Aside 
from the heavier elastic fibers there is also present in the sections a 
finer  network  of  elastic  tissue  to  which  reference will  be  made 
subsequently (figures 8 and IO). 
Figure I6 illustrates the conditions found in the aortic end of the 
ductus arteriosus of a  six weeks old pig.  It will be noted that the 
inner  elastic  membrane  is  more  or  less  split  into  lamellae.  The 
lumen of the ductus is entirely occluded by new tissue.  A  number 
of large elastic lamellae are found in the occluding mass.  However, 
there is  a  greater abundance of elastic tissue  irregularly disposed. 
It is indeed difficult in such cases to decide between the fibers formed 
from prefixisting elastic tissue and those of non-elastic origin. 
The marked breaking up of the thickened inner elastic membrane 
into a  number of elastic lamellae and fibers in the occlusion of the 
ductus is,  according to the material studied, much more character- 
istic of the pig than of man.  In the latter one often finds a marked 
thickening of the inner elastic membrane and the production of a 
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endothelial layer and with the latter projects cushion-like at various 
portions of the ductus into  its  lumen.  Again,  one finds, in man, 
specimens in which there is a  definite elastic lamina in the position 
of the internal elastic membrane and another lamina next the lumen 
of the partially occluded ductus.  Between the two heavier elastic 
lamime is  found a  finer  and  more or  less  homogeneous mass  of 
elastic tissue.  One does not often find in man so extensive a delam- 
ination of the thickened internal elastic membrane as in Sua scrofa 
(figures I, 2, and 3). 
As  stated  before,  in  the  occlusion of  the  lumen of  the  ductus 
arteriosus in Sus scrofa elastic tissue plays an important part,  and 
this  is  largely due to  the marked proliferation  from the  internal 
elastic  membrane.  However, aside  from  the  formation  of  new 
elastic fibers  from preexisting elastic tissue, there is  also an inde- 
pendent production of elastic fibers, that is, from non-elastic tissue. 
The latter process is especially active where the contraction of the 
ductus is less marked and where a  rather large lumen is left to be 
filled in by intimal hyperplasia or otherwise. 
Unfortunately the part of this investigation bearing on the non- 
elastic origin of elastic tissue in postfetal material, and the behavior 
of  elastic tissue in the organization of thrombi is  yet incomplete. 
Experimental work bearing  further  on these  problems is  now  in 
progress, and the results will be reported subsequently.  Reference 
will here be made to preliminary work only. 
In some recent double ligations of the left common carotid artery 
in very young pigs there was noticed after an interval of from five 
to eight days a slight thickening of the intima.  The latter appeared 
unusually cellular, and in places a rather faint but positive network 
of granular lines was brought out by orcein stains.  Closer examina- 
tion showed that in the meshes of the very delicate network, appar- 
ently elastic in  character,  were  connective tissue  cells  with rather 
large  round or oval nuclei with little protoplasm surrounding the 
nucleus.  The  faintly outlined, fine granular fibers appeared to be 
at the edge of the cell limit.  In specimens where greater intervals 
were  allowed between the operation and  the study of  the ligated 
vessel the network of elastic fibers surrounding cells of the subendo- 
thelial layer was  more evident.  Notwithstanding the presence of 186  Behavior of Elastic Tissue in Postfetal Occlusion. 
delicate elastic fibers in the slightly thickened intima, the inner elastic 
membrane was normal and unbroken,--a marked contrast with the 
condition  found  in  the  neonatal  ductus  arteriosus  of  Sus  scrofa. 
However,  as  stated previously,  these  observations  are  merely pre- 
liminary, and it will be necessary to study ligated vessels at repeated 
intervals up to obliteration and organization of the filled in lumen 
before any conclusions can be drawn on the behavior of elastic tissue 
under such conditions. 
The preliminary  study seems, however,  to indicate that  in liga- 
tions of this character there is early a  formation of delicate elastic 
fibrils  in  some manner  from  the  cells  in  the  subendothelial  layer. 
Jores  believes  that  the  formation  of  new elastic  tissue  within  the 
hyperplastic intima in endarteritis  is directly due to the activity of 
the protoplasm of intimal cells. 
The conditions that obtain early in the postfetal ductus arteriosus 
of Sus scrofa make the proliferation of elastic tissue more difficult 
of  interpretation.  While  one  does  encounter  at  places  very  fine 
elastic fibers amongst the cells of the subendothelial layer,  there  is 
also the marked production of elastic lamell~e from the inner mem- 
brane previously referred to.  It is, therefore, difficult to distinguish 
between  elastic  fibers  derived  from  pre6xisting  elastic  tissue  and 
those of other origin (figures 7, 8, and io). 
One  notices,  however,  that the finer,  irregularly  disposed fibrils 
take  the specific stains  less  deeply than  do  the  lamell~e which  are 
obviously a  product of  the  inner  elastic  membrane.  Furthermore 
the  finer  fibrils  bear  more  intimate  relations  to  the  protoplasm  of 
the  connective  tissue  cells,  i.  e.,  they  inmesh  the  cells.  The 
fine  elastic  fibers  soon  become  thicker  and  by  migrating  become 
mingled with other fibers.  Their  real  identity then  becomes even 
more vague.  Again,  there is a  similarity between the finer elastic 
fibers  contained in the occluding mass of the  lumen of the ductus 
arteriosus  of Sus  scrofa  and  those  found  in the  thickened suben- 
dothelial stratum of the ligated common carotid arteries previously 
referred to.  It would, therefore, seem that in the occlusion of the 
ductus there is early a  production of elastic fibrils  from the proto- 
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the more extensive production of new elastic fibers by a  prolifera- 
tion of the thickened inner elastic membrane. 
As the process of occlusion of the lumen of the ductus advances 
the new elastic tissue becomes more and more abundant and addi- 
tional  facts are brought out in confirmation of a  genesis of elastic 
fibrils  from non-elastic elements.  Where the lumen of the ductus 
is  markedly  contracted  little  proliferation  of  the  tissues  of  the 
intima is needed, as stated before, to bring about occlusion  (figure 
I3).  On the other hand,  one encounters ductus and  segments of 
ductus where the contraction is much less, and in order that occlu- 
sion may be effected a  proliferation of intimal tissues or a  throm- 
bosis with subsequent organization, or both,  is necessary. 
The behavior and disposition of the elastic tissue in the ductus and 
parts of ductus where a rather large lumen remains to be filled in, is 
best studied in pigs  from the fourth to the ninth week.  Then one 
finds a  considerable amount of elastic tissue in the occluding mass, 
and it is obvious that elastic tissue proliferation plays an important 
part in the occluding process.  A  reference to figures Io and 15 indi- 
cates the previously referred to thickening and delamination of the 
inner elastic membrane.  The new elastic laminm with other pro- 
liferated  intimal  elements  have  wandered  into  and  occluded  the 
lumen of the vessel.  Besides the heavier elastic lamell~e  which in 
part run more or less parallel to the  folded old inner elastic mem- 
brane,  there  are  present  numerous  finer  elastic  fibers,  arranged 
irregularly and  somewhat in  a  network.  Often these finer fibers 
have no connection with the larger and more regular elastic lamellm 
and stand independently,  Of course, as the process advances there 
is obviously a  fusion of the finer fibers and they become more and 
more intermingled with and like the coarser fibers.  If one is, how- 
ever, fortunate enough to get the material at opportune stages it is 
obvious  that  not  all  the  elastic  tissue  found  in  the  lumen of  the 
ductus is  formed from preexisting elastic tissue. 
Again, one finds portions of some ductus in which the occluding 
process is complicated by the presence of blood amongst the tissues 
making up the occluding mass,  and one questions  whether in such 
portions  of the  ductus  the process  is  merely a  hyperplasia of the 
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tion is,  is difficult to say.  Is  there  for a  time a  seeping of blood 
through  the  loose  occluding  mass  or  is  the  latter  a  thrombus 
undergoing organization ?  As the occluding mass becomes denser, 
according to my material, the blood is mostly collected into definite 
channels  which  for  a  time  take  on  the  form  of  definite  vessels 
that  run  parallel  to  the  original  lumen  of  the  ductus.  These 
channels are variable  in  number and  size  in  different portions  of 
the ductus,  and there is  no  constancy in their disposition,  size,  or 
number in different individuals.  This is, of course, to be expected 
owing to  the  different conditions  that  usually  obtain  in  different 
portions of the neonatal ductus.  The channels are usually more or 
less cylindrical, have thin but definite walls, and in many instances 
a  well  formed inner elastic membrane, the  latter  obviously not  a 
product of preformed elastic tissue.  Are these channels which con- 
tain  blood  temporary  blood  vessels  formed  within  a  vessel  un- 
dergoing  regression and  occlusion,  or  do  they represent canaliza- 
tions of a  thrombus ?  The fate of these channels and the behavior 
of the elastic tissue adds some light on these questions. 
The vessels or channels  frequently found in the occluding mass 
are for the most part short lived (figures I I and 12).  As the occlud- 
ing mass of the lumen of the ductus becomes denser there is  also 
apparently a proliferation of the tissues composing the walls of the 
channels.  Ultimately these processes  cause the channels to  suffer 
the same fate as the mother ductus, i. e., occlusion and obliteration. 
In place of the channels nests of cells are subsequently found (figure 
I2),  and  when  specific stains  are  used  definite masses  of  elastic 
tissue  are  found here and there in  the mass  occluding the lumen, 
obviously the site of the former blood channels (figure 17). 
On the whole, the channels do not behave like canalizations  of 
thrombi  observed in  pathological material.  Whether the ultimate 
fate of canalized channels in thrombi is,  in some instances, similar 
to  the blood  channels  frequently found in the mass  occluding the 
lumen of the ductus arteriosus of Sus scrofa I  have been unable to 
observe.  Hematoxylin and eosin-stained sections of such segments 
of  ductus,  as  above  referred  to,  look  somewhat  like  organizing 
thrombi  (figure II).  In the latter there is some round cell infiltra- 
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In later specimens the blood is  found for the most part in definite 
channels  which are  found in the mass.  Fibroblastic  cells,  which 
probably took origin from the proliferated endothelial lining or from 
the cells in the hyperplastic subendothelial stratum, are also present 
in  the  mass.  Elastic  tissue  is  present  in  abundance.  Here  and 
there,  especially  around  the  blood  channels  in  the  mass,  are 
found elements that  look and  behave  like  unstriped muscle cells. 
Modified endothelial cells are also encountered.  However, only by 
staining sections from the same segment of the ductus with specific 
stains is the richness of elastic tissue in the occluding mass and the 
marked  delamination  of  the  thickened  internal  elastic  membrane 
brought out.  The disposition of the elastic tissue was previously 
referred to  (figures II and 15). 
Buerger, who recently made a  study of blood vessels from cases 
of presenile gangrene, considers the obliterating process  found in 
such cases a thrombo-angiitis obliterans.  He believes that the be- 
havior  of  the  elastic  tissue  distinguishes  an  obliterating  arterio- 
sclerotic process  (arteritis obliterans)  from a  thrombo-angiitis ob- 
literans.  In the former there is,  of course, among other things a 
marked hyperplasia of the intimal tissues; in the latter primarily an 
organization of a thrombus.  Buerger finds in his cases of thrombo- 
angiitis obliterans, "either a total absence of elastic fibers, or when 
such are present, a  growth of fibers  around the larger  canalizing 
vessels, particularly about those which are thick walled and old." 
I  recently had the  opportunity of  examining a  few  small vessels 
taken from a  case of presenile gangrene and found in the sections 
studied that the organizing thrombi contained no elastic tissue.  The 
inner elastic  membrane was  sharply  demarcated  and  not  delami- 
nated, as in the neonatal ductus of the pig.  However, the material 
was too limited to permit one to draw conclusions in this connection. 
Jores  in  some experimental work apparently demonstrated elastic 
fibers in organizing thrombi.  As stated previously, the work on the 
behavior of elastic tissue in ligations, organization of thrombi, etc., 
is as yet incomplete, as is also the work on the postfetal occlusion of 
blood vessels.  Experimental studies bearing further on these prob- 
lems  are  now  in  progress,  the  results  of  which will  be  reported 
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ADULT DU'CTUS ARTERIOSUS. 
In the adult the ductus arteriosus of Sus scrofa not merely pre- 
sents an occluded lumen, but the identity of the vessel as such is lost. 
However, one can often detect the site of the former lumen.  The 
elastic tissue throughout the ductus instead of appearing in distinct 
fibers and lamellze is broken up into fragments and may appear in 
small masses,  the  latter more especially at the site of the  former 
lumen  (figure  14).  The  whole ductus  has  undergone regression 
and  is  now essentially a  fibro-elastic cord  connecting up  the  pul- 
monary  and  systemic  aortae.  Here  and  there  unstriped  muscle 
fibers remain.  Small blood vessels  supply the tissues of the retro- 
gressed ductus. 
SUM MARY. 
A  study of  the  histogenesis  of  elastic tissue  in  the  embryonic 
ductus arteriosus of Sus  scrofa  is  in  accord with the theory that 
elastic fibrils  are directly differentiated in the outlying portion of 
the protoplasm of the early connective tissue cell. 
In the occlusion of the postfetal ductus arteriosus of Sus scrofa 
there is early a hypertrophy of the internal elastic membrane.  Sub- 
sequently there takes place a marked delamination of the thickened 
internal elastic membrane in the production of new and independent 
elastic fibers and lamellze.  The formation of new elastic fibers from 
preformed elastic tissue is most abundant where the postfeta! con- 
traction of the ductus arteriosus is least marked.  These new elas- 
tic fibers play an important part in the occlusion of the lumen of the 
postfetal ductus. 
Aside  from the extensive  formation of  elastic fibers  from pre- 
formed elastic tissue, in the occlusion of the lumen of the postfetal 
ductus arteriosus of Sus scrofa,  there are also  some elastic fibrils 
formed from non-elastic elements, apparently from connective tissue 
cells. 
In  some  recent preliminary work  on  ligations  of  the  common 
carotid  artery there  was  found,  after an  interval  of  from  eight 
to twelve days,  at  some points between the ligatures, a  slight but 
obvious cellular thickening of the so-called subendothelial stratum. 
Some of these connective tissue cells may have wandered from the J.  Parsons Schaeffer.  141 
other coats  of the vessel,  through the  inner  elastic membrane  into 
the subendothelial stratum; others may have proliferated from cells 
in  situ.  Specific  stains  revealed  near  the  periphery  of  some  of 
these cells, i.  e.,  in the outlying portion of the exoplasm, very deli- 
cate elastic fibrils, apparently the product of protoplasmic activity. 
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EXPLANATION  OF  PLATES. 
The  first  fourteen  figures  are  photomicrographs  of  cross-sections  of  the. 
ductus  arteriosus.  The  sections illustrate  the various  stages  in the occlusion of 
the lumen  of  the  ductus  and  its  obliteration  as  such.  Figures  I  to  Io inclusive 
and  13  and  14 are  from  sections  stained  with  either  Weigert's  elastic stain  and 
counterstained  with picrofuchsin,  or some form of orcein stain.  Figure's  II and 
~2 are from sections stained  with hematoxylin and  eosin.  Figures  15,  16, and  17 
are camera lucida  drawings  from Weigert-picrofuchsin  stained  sections. 
PLATE 27  . 
FICS.  I  to  3.  Cross-sections  of human  ductus  arteriosus  from  infants  aged 
30, 2I, and  I02 days, respectively.  Note in figures I  and 2 the pad-like thickening 
of the intima and  the abundance  of elastic tissue in  this thickening.  In  figure 3 
tfie inner elastic membrane  is thickened  at places,  with denser  lamime bounding 
ectally and  entally a  finer network of elastic fibrils.  The  subendothelial  stratum 
is also hyperplastic. 
FI6.  4.  Cross-section  of  a  fetal  ductus  arteriosus  from  a  pig  24  cm.  long. 
Note the multilaminar  condition of the inner  elastic membrane  on  one side. 
FIGs. 5  to 8.  Cross-sections  taken  from various levels of the ductus  arterio- 
sus  of  a  postfetal  pig  fourteen  days  old.  In  most  of  the  sections  the  early, 
characteristic  thickening and  delamination  of the inner elastic membrane  is  well 
shown.  The multilaminar  condition is well advanced  in  sections  (figures  7  and 
8).  The  latter  are  from  the  aortic  thirds  of  the  ductus.  The  pulmonary  end 
of the ductus  was even farther advanced in the production  of new lamell~e  from 
the inner elastic membrane (compare figure 9).  In figure 5 a mass of blood is found 
in the lumen of the ductus, and  from all appearances  blood was flowing through 
the lumen of the vessel when the specimen was secured.  The characteristic con- 
traction  so often  seen in the pig ductus  after  birth is illustrated in figure 6. 
Note especially the fine network of elastic fibers in the subendothelial  stratum 
in the  section represented  in figure 8.  The finer elastic fibrils are readily distin- 
guished  from  the heavier lamell~e which  are a  product  of  the  preformed  inner 
elastic membrane. 
PLATE 28. 
Fro.  9.  Cross-section  from  the  pulmonary  thirds  of  the  ductus  arteriosus 
from  a  pig fifteen  days  old.  The lumen  is  more  or less  irregular,  due  to  con- 
traction, but a  considerable amount of intimal hyperplasia  would be necessary  to 
occlude  the  lumen.  The  inner  elastic  membrane  has  already  thickened  and  at 
places  split into a  number of new lamin~. 
FIG.  Io.  Cross-section  of  the  ductus  arteriosus  from  a  pig eight  weeks  old. 
The  lumen  of the  ductus  is  entirely filled in  with  a  mass  of  new  tissue.  Note 
the irregularity of the former lumen,  and  the new,  heavy elastic lamime  formed 
from  the  old  inner  membrane.  Here  and  there  blood  channels  with  definite 
walls and in some instances with well formed inner elastic membranes are found 
in  the  occluding  mass.  Note also  the  finer  and  less  deeply  stained  network  of 
elastic fibrils throughout  the occluding mass. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XlX.  PLATE  27. 
FIG. I.  FIG. 5. 
FIG. 2.  FIG. 6. 
FIG. 3.  FIG. 7- 
FIG. 4.  FIG. 8. 
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FIG,  IO~ 
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PLATE 29  . 
FIG. II.  Cross-section of the  ductus  arteriosus  from  a  pig eight weeks  old. 
The  section  is  stained  with  hematoxylin  and  eosin.  Note  especially  the  com- 
plete occlusion of the lumen of the vessel and  the large number  of blood chan- 
nels in the occluding mass.  The mass looks somewhat like an organized throm- 
bus  with  subsequent  canalization  (compare  figure  I0).  Both  sections are  from 
the same segment of the same ductus. 
Fic.  i2.  Cross-section  of  the  ductus  arteriosus  from  a  pig  ten  weeks  old. 
The  section  is  stained  with  hematoxylin  and  eosin.  The lumen  of  the  ductus 
is  entirely  occluded  and  obliterated.  Note  especially  that  in  place  of  blood 
channels,  illustrated  in figures  I0,  II,  and  15,  there are nests  of cells,  obviously 
the  site  of  earlier  vascular  channels.  Smaller  vessels  have  now  grown  into 
the new tissue to supply it. 
PLATE 30. 
Fro.  13.  Cross-section of the  ductus  arteriosus  of a  pig two days  old.  The 
section is  stained  for elastic tissue.  Note the marked  contraction of the lumen 
in this instance.  The inner elastic membrane is already somewhat thickened and 
at places split into layers. 
Fro.  14.  Cross-section,  stained  for  elastic  tissue,  of  the  duetus  arteriosus 
from an  adult  pig.  Note  the great  amount  of  broken  up  elastic  tissue  in  the 
occluding mass in comparison with the amount remaining elsewhere in the retro- 
gressed ductus. 
PLATE 31. 
FIG.  15.  Camera  luclda  drawing  of  a  Weigert-picrofuchsin  stained  section 
of  the  ductus  arteriosus  from  a  pig  sixty  days  old.  The  delamination  of  the 
thickened  inner  elastic  membrane  is  here  well  illustrated.  Aside  from  the 
heavier elastic lamell~e in the  occluding mass  there are many  finer  eIastic fibrils 
present, less deeply stained. 
PLATE 32. 
FIG. 16.  Camera lucida drawing of a  cross-section from the  aortic thirds  of 
the ductus arteriosus  from a  pig sixty-three days  old.  The section was  stained 
with  Weigert's elastic tissue  stain  and  counterstained  with  pierofuchsin.  Note 
the abundance  and  the disposition of the  elastic tissue and  the definite vascular 
channels in the occluding mass. 
FI~.  17.  Camera  lucida drawing  of  a  cross-sectlon  from  the  midportion  of 
the ductus  arteriosus  from a  pig eleven weeks old.  Note the disposition of the 
elastic tissue at this time  (compare figure 12). 